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Interaction between iron oxide colloids and clay minerals and its effect on
properties of caly

ZHANG Xian-wei, KONG Ling-wei
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan 430071, China)
Abstract: For Zhanjiang clay, the free iron oxide colloids, amorphous iron oxide colloids and using the selective chemical
solution method by immersion, improved permeameters and flexible wall permeameters, chelated iron colloids in it are
removed. In this analysis, the physical and mechanical properties, mineral composition and structural changes of Zhanjiang clay
are compared before and after removing the iron oxide colloids. The interface activity and cementation characteristics of iron

oxide colloids and their interaction with clay minerals are discussed. The results show that Zhanjiang clay has the properties of

high sensitivity and strong structure owing to the electrical attraction of clay minerals iron oxide colloids and their
cemented connection in pores. The iron oxide colloids have great effects on the properties of Zhanjiang clay, including water
stability, consistency, adhesion, permeability, compressibility, sensitivity and structural strength. The interaction mechanism
between the iron oxide colloids and the clay minerals leads to change of the basic properties of clay, which is not achieved by
changing or destructing the mineral lattice structure, but by controlling the microstructural morphology by changing the
coupling states of soil particles and inter-particle forces. As for the iron oxide colloids, both their effects on the soil properties
and the mode of occurrence are closely related. Besides the free iron oxide, the amorphous iron oxide is the other important

component of microstructural cemented connection of Zhanjiang clay.
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Table 1 Test schemes of removing iron oxide colloids
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Fe, mmX 20 mm RN LANH TR, AT 4.
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Table 2 Physical indexes of Zhanjiang clay
SR k% I T b LB W SRR W YRR s MEE
B no pl(gem™)  py/(grem’®) G, e  wi/%  w/% 5% ¥,  J¥4,  F/kPa
JOIR 50.04 1.67 1.092 2682 1428 6426 3225 0.56 3201 082 12236
2 Fey 52.39 1.62 1.063 2646 1489 5560  26.30 0.89 2930 0.52  64.36
2 Fe, 54.18 1.63 1.057 2643 1500 5420 26.84 1.00 2736 049  75.69
2 Fe, 53.00 1.63 1.065 2655 1492 586  30.36 0.80 2824 049 8136
o P % Bk
515 FH i Kiit S0KP g AL AL % b gﬁ;{
LA K wis e mkck 0 EL sgps 000 000 TROE
[(10%cms ) 6./% 6% Spl% 0 RO : : 2mm =0
mm mm um)/%
JRAR 1 7.33 47 2.1 0.30 155 1447 1.7 27.4 31.7 39.2 8.74
2 Feq 49.03 58 3.6 045 1512 15.77 1.3 20.7 217 563 38.62
2 Fe, 40.60 55 — — 14.82 1636 1.9 24.1 8.4 65.6  42.30
2 Fe, 24.61 51 — — 15.63  15.55 1.4 25.6 159 571 36.22
R EIFIMAZMRER (FYE
Table 3 Mechanical indexes of Zhanjiang clay
BN gl R4 TR P BRI (8H) —HNE S5 A HEK B D) s
TR BHS RN EX JEntiiidia S - 4 o ¢ o Peu ¢ 0
/MPa o, /kPa a;o/MPa'  g/kPa ' /kPa  /(°) /kPa /(°) /kPa /(°) /kPa /(°)
EFCRE 134 500 0.27 175.00 7.0 56.54 10.07 12,73 11.13 672 1020 75.60 12.86
FFey 0.16 300 0.41 61.31 6.1 17.69 8.63 1562  8.89 — — —
ZFe, 0.18 290 0.51 67.28 6.1 — — — — — — —
FFe, 027 350 0.44 94.44 6.3 — — — — — — —
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Table 4 Chemical compositions of Zhanjiang clay
AN & o(B)/% i
4 al ’ Bkt Bk
Sio, TFe  ALO; TiO, MnO CaO MgO Na,0 K,O  P,0s
JFUR 60.13 6.22 1836  0.85 0.09 0.52 143  0.56 259 MRiwE 9.22 99.97

% Fey 64.5 1.52 16.88  1.25 0.2 0.4 1.17 371 293 e 7.63 99.99
2 Fe, 65.92 1.76 1639 135 0.09 0.12 083 276 31 IRiHE 7.65 99.97
2% Fe, 61.8 1.93 1515  1.66 026 055 194 469 32 1.66 6.25 99.99

R H HHLUR RH 25 A e i YT HHg AR it BRI AhRm

- P /% (CEC)meq/100 g % % % /(m*g")  Nm*g")
JFUR 6.5 0.52 20.44 0.48 0.07 0.07 138 41.36
2 Fey — 0.32 24.98 0.25 — — 95.2 12.28
2 Fe, — 0.30 22.69 — — — 106.3 18.33
2 Fe, — 0 23.36 — — — 102.6 16.34

RS TYMHEESIHER (£1)
Table 5 Results of quantitative analysis of material phase

+ AR 2 /%

B Qtz 11 Mnt Kin Chl-Srp Kfs Mn-Cal Py Hem
UK 41.91 18.06 8.17 15.3 5.10 4.04 0.77 3.62 3.02
2% Fey 52.3 15.65 7.36 12.03 3.91 5.57 1.89 0.32 0.96
2% Fe, 51.98 17.9 6.79 12.26 4.8 4.73 0.96 0.22 0.36
2% Fe, 48.19 16.39 7.75 14.25 53 5.6 1.2 0.25 1.05
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Fig. 1 Grain-size distribution of natural clay and iron oxide
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Fig. 5 Compression curves of natural clay and iron oxide
colloids-removed clay
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Fig. 6 X-ray diffraction patterns of natural clay and iron oxide

colloids-removed clay
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Fig. 8 Zeta potentials of natural clay and iron oxide
colloids-removed clay
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Fig. 9 SEM photos of natural clay and iron oxide

colloids-removed clay
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Table 6 Results of EDS tests on natural clay and iron oxide colloids-removed clay (%)
AR 1 PRI A/
TE EEAS B F 43 b EEES B 43 b
X1000 %5000 x1000 %5000 %2000 x10000 %2000 x10000
C 0 0 0 0 0 3.7 0 6.03
(0] 57.17 53.27 72.55 70.64 58.31 54.18 72.7 66.27
Na 0.49 0.56 0.42 0.52 0.4 0.57 0.35 0.49
Mg 0.49 0.76 0.4 0.66 0.61 0.59 0.5 0.48
Al 8.56 10.38 6.44 8.16 9.8 11.18 7.24 8.11
Si 22.86 19.22 16.52 14.52 24.64 24.44 17.5 17.03
S 0.52 0 0.31 0 0 0 0 0
K 2.27 2.92 1.16 1.58 1.83 1.98 0.93 0.99
Ca 0.15 0 0.1 0 0 0 0 0
Ti 0.31 0.9 0.3 0.4 0.57 0.4 0.24 0.16
Fe 4.06 7.89 1.47 3.0 0.6 0.59 0.21 0.21
Pd 0.65 0.83 0.1 0.17 0.63 0 0.06 0
Au 2.46 3.26 0.24 0.35 2.62 2.37 0.27 0.24
Fz7EKLE. BEEL. EEUWEREKRLIRSH
Table 7 Pore sizes and volumes of natural clay, iron oxide colloids-removed clay and reconstituted clay
. B4 FLBRAABY (cm® g ) (FLBRAUARL b B ALBRARL 7 43 /%)
TR T
BBV (em™g ) d>10 pm 1 um<d<10 um 0.1 pm<d<l pum d <0.1 um
iR+ 04386 0.0424 0.0244 0.2168 0.155
(9.67) (5.56) (49.43) (35.34)
0.168 0.0996 0.1968 0.0697
T 0.5341
(31.45) (18.65) (36.85) (13.05)
0.0788 0.0072 0.118 0.138
4 Fey 0.342
(23.04) (2.1 (34.50) (40.35)
0.0612 0.0084 0.1444 0.104
4 Fe, 0.318
(19.25) (2.64) (45.41) (32.7)
0.0622 0.0068 0.131 0.12
4 Fe, 0.320
(19.44) (2.13) (40.94) (37.5)
S PAFLBR, FLBSEE PR 22 . NI SR TR R
I AT AT A, WL RE L FLAR 20 A h 2R 2 g o)
fi, FE1.0~0.1 umFIFLBRAL b A L e, X —X[H]
LWL (10000) iR + (x 5000) LR AR R 5 S FLBRAA R 50% 2247, d<0.1 pmff)fL
AL (x1000 B2 R R R S FLBRAAR R 35% et o BRI
Ti Fe Fe G, FLAR I A M2 X3 A1, DRFES Y FLA% A
AINFLBRR RS, BT Z (P92 1 um<d<10 umi¥H FLBR B
N
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Fig. 10 EDS spectra of natural clay and iron oxide
colloids-removed clay
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Fig. 11 Pore-size distribution curves of natural clay and iron oxide

colloids-removed clay
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